the Los Angeles Latino Eye Study Group
T he Los Angeles Latino Eye Study (LALES) is a populationbased ophthalmologic survey of adult Latinos in the Los
Angeles metropolitan area. Latinos are the fastest-growing minority in the United States, projected to constitute more than 24% of the population by 2050, 1 and so it is important to gather basic information on the prevalence of eye disease in this population. Refractive error (RE) is of special interest because it is an easily correctable cause of visual disability and a significant cause of visual impairment worldwide 2, 3 ; myopia in particular is important because of associated retinal degeneration and retinal detachment, 4 and potentially modifiable environmental risk factors. 5 Furthermore, the prevalence of myopia is apparently increasing in younger generations, especially in East Asia, 5, 6 but also in the United States. 7 Although many population-based studies worldwide have examined adult RE, 8 -19 only one has studied U.S. Latinos, 20 and the RE analysis does not address risk indicators. 21 The purpose of this article is to describe the burden and distribution of myopia in a Los Angeles Latino population, providing insight into potentially modifiable risk factors. Data on the ocular biometric determinants of RE in LALES are published separately. 22 
METHODS

Study Population
The LALES population consists of residents in six census tracts in La Puente, California, Ն40 years old and of self-identified Latino ethnicity. Eligible residents electing to participate after informed consent reviewing the nature and possible consequences of the study were interviewed at home and examined in the clinic. The study was approved by the Los Angeles County/University of Southern California Medical Center Institutional Review Board and adhered to the tenets of the Declaration of Helsinki for research in human subjects.
Data Collection
The in-home interview reviewed country of birth, education, marital status, working status, income, acculturation, smoking/alcohol use, healthcare utilization, ocular disease, comorbid medical conditions (self-reported diabetes, arthritis, stroke/brain hemorrhage, hypertension, angina, heart attack, heart failure, asthma, skin cancer, other cancer, back problems, hearing problems, or another major health problems), and health and vision insurance. Acculturation was measured with a nine-item questionnaire modified from Cuellar et al. and others, 23, 24 that recorded Spanish, English, and preferred language for speech, reading and writing and scored the results on a 5-point scale (5, most acculturated). After the interview, participants received a comprehensive standardized eye examination at the Local Eye Examination Center in La Puente, including visual acuity (VA), refraction, slit lamp examination with LOCS II lens opacity grading, 25 dilated fundus examination, intraocular pressure, visual fields, and ocular biometry. Height, weight, blood pressure, serum glucose, and glycosylated hemoglobin were also assessed. Additional interview and examination details are reported elsewhere.
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Refractive Error Measurement
If presenting VA was 20/20 (55 letters) in each eye according to the Early Treatment Diabetic Retinopathy Study protocol at 4 m, refraction was the presenting spectacle correction or plano. Otherwise, VA was remeasured after noncycloplegic autorefraction, followed by standardized subjective refraction for VA Ͻ20/20 (at 1 m for patients unable to read letters at 4 m). If refractions yielded identical VA, subjective refraction took precedence.
Definitions of Outcome Variables
Myopia was defined by the spherical equivalent (SE) refractive error (RE) in the worse eye (phakic eye with larger absolute RE, or phakic eye with RE if there was only one). This definition was used for comparison with Eye Disease Prevalence Research Group (EDPRG) 21 data, and risk indicator analyses. Any myopia (Յ Ϫ1.0 D SE) and high myopia (Յ Ϫ5.0 D SE) prevalence was stratified by age and gender using RE of the worse eye, right eye (for phakic right eyes), or better eye (defined as phakic eye RE, for only one phakic eye, or else RE of the worse eye's fellow eye). For comparison with Bangladeshi 17 and Singaporean 14 populations, myopia was defined as Ͻ Ϫ0.5 D, and high myopia was Ͻ Ϫ5.0 D SE.
Statistical Analyses
Prevalence was calculated as the ratio of the number of individuals with a given level of myopia to the total number of individuals whose myopia status was known, using a given definition (worse eye, better eye, or right eye). Data were stratified by age, gender, and selected variables identified as risk indicators. Myopia risk indicators were explored using univariate and multiple logistic regression. Sociodemographic factors evaluated included age, gender, birth country (United States, other), education level (0 -6, 7-11, Ն12 years), marital status (married/with stable partner, never married, widowed, separated/divorced), working status (used, retired, unemployed), annual income (Ͻ$20,000, $20,000 -$40,000, Ͼ$40,000), acculturation (low, Յ1.9, high, Ͼ1.9), smoking and alcohol history (none, former, current), healthcare utilization (visit within past year), and health-vision insurance. Clinical factors included hypertension (by history, or LALES evaluation), diabetes (determined by history, by hemoglobin A1c Ն6.5%, or by random blood glucose Ն200 mg/dL), body mass index (normal, Յ24.9, overweight, 24.0 to 29.9; obese Ͼ29.9), self-reported comorbid nonocular conditions (0, 1, Ն2), and self-reported history of ocular disease (diabetic retinopathy, cataract, age-related macular degeneration or glaucoma). Univariate logistic regression analyses were first performed for all of these sociodemographic and clinical risk indicators. Variables showing at least marginally significant associations (P Ͻ 0.1) in univariate regression were considered candidates for subsequent forward stepwise multiple logistic regression. Odds ratios are reported for the significant independent risk indicators included in the final model. To further control for confounding by nuclear lens opacification (NO) of associations of age and ocular disease with myopia, age/gender-stratified myopia prevalence and risk indicators were also assessed in a cohort from which all participants with NO (LOCS II grade Ն2 either eye) were excluded. All analyses were conducted on computer (SAS software; SAS Institute, Cary, NC) and a significance level of P Ͻ 0.05.
RESULTS
Study Cohort
Of 7789 eligible La Puente residents, 6357 (82%) participated and were examined. Of those who were not examined, a third completed an in-home interview. Compared with individuals who were examined, those who were only interviewed were more often male, U.S.-born, more acculturated, and more educated, having higher incomes, more health insurance, and more previous cataract surgery. 26 Of the 6357 participants, 5927 (93%) were included in RE analysis based on the worse eye. Of those, 5396 remained in the cohort after exclusion of NO. Ninety-five percent of the participants were of Mexican-American self-reported ancestry (5% Native American), 76% were born outside the United States, and 58% were female.
Prevalence of Myopia and High Myopia
The overall prevalence of myopia Յ Ϫ1.0 D in the worse eye was 16.8% (males, 16.1%; females, 17.2%). High myopia Յ Ϫ5.0 D was present in 2.4% of individuals (males, 2.1%; females, 2.6%). Age stratification showed an initial slight decrease in myopia prevalence with increasing age, followed by higher prevalence in older groups (Tables 1, 2 Prevalence is shown by gender and age group of myopia Յ Ϫ1 D, with refractive error defined according to the worse eye, better eye, or right eye. Better eye/worse eye sample size differences are because the refracted eye in bilaterally phakic participants with refraction missing for one eye was defined as the worse eye. Comparison to raw data from African Americans and nonHispanic whites (NHWs) from the Baltimore Eye Survey (BES), 9 NHWs from the Beaver Dam Eye Study (BDES), 8 Chinese residents of Singapore from the Tanjong Pagar Survey, 14 and participants in the Bangladesh National Blindness and Low Vision Survey (NBLVS) 17 is shown in Figures 1 and 2 , using comparable myopia definitions in all instances (raw data for Hispanics from Proyecto VER 20, 27 were not available). The higher myopia prevalence in older Latinos is reduced if subjects with NO are excluded from analysis ( Fig. 3) .
Risk Indicators for Any Myopia and High Myopia
Stratification of myopia prevalence (Յ Ϫ1.0 D) by age, gender and either education, acculturation, country of birth, or diabetes (selected for their independent associations with myopia; described later) is shown in Table 3 . These factors increased myopia risk primarily in younger age groups.
For myopia Յ Ϫ1.0 D, stepwise multiple logistic regression identified the following independent risk indicators: age (lower risk of myopia in 55-to 69-year-olds than in younger or older groups), education, country of birth, acculturation, ocu- Prevalence is shown by gender and age group of high myopia Յ Ϫ5 D, with refractive error defined according to the worse eye, better eye, or right eye. D) . In (A) males and (C) females, myopia was defined as Յ Ϫ1.0 D spherical equivalent refractive error according to the phakic eye with the larger absolute value spherical equivalent refractive error for participants in LALES and for other racial-ethnic groups, in the United States, as reported in the refractive error study of the EDPRG. 21 In (B) males and (D) females, myopia was defined as Ͻ Ϫ0.5 D spherical equivalent refractive error in the right eye for phakic eyes for LALES and for adult Chinese participants in the Tanjong Pagar survey 14 and the National Blindness and Low Vision Survey of Bangladesh. 17 Note that the data from Bangladesh for the 70-to 79-year-old age group includes all participants over 70 years of age. (Table 4 , showing odds ratios for all risk indicators included in the final model). When the same analysis was performed after excluding participants with NO, ocular disease was no longer significantly associated (Table 4). The other factors remained significant, whereas females became more likely to be myopic. High myopia risk indicators were assessed by comparing subjects with no myopia with those with high myopia (excluding myopia between Ϫ1.0 D and Ϫ5.0 D). Multiple logistic regression identified education, country of birth, and ocular disease history as significant associations (Table 4) . After exclusion of NO, ocular disease was no longer associated, whereas education and country of birth remained significant, and retired individuals became less likely to be myopic (Table  4) .
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DISCUSSION
The prevalence of myopia (ՅϪ1.0 D in the eye with greater refractive error) in this population of Latinos over 40 years of age ranged between 10% and 20% for men and women, except in the oldest groups. High myopia (ՅϪ5.0 D) was present in less than 3% of the population.
The strongest risk indicators for myopia were birth in the United States, more education, greater acculturation, diabetes, and (unless participants with NO were excluded) a history of ocular disease; intermediate age groups were at lower risk. After excluding NO, females were at higher risk than males. For high myopia, significant associations included birth in the United States, education level, and (unless NO was excluded) a history of ocular disease; retirement became protective after exclusion of NO.
When myopia was stratified by age, the initial slight decrease in prevalence with increasing age echoed the aforementioned protective value of intermediate age (discussed further later in the article). The subsequent increase in prevalence at older ages, is reduced when participants with NO were excluded from the analysis.
LALES myopia prevalence was compared with data from other Latinos and other ethnic-racial groups in the United States reported by the EDPRG. 21 We compared our data with those for Hispanics from Proyecto VER 20, 27 in Arizona, African Americans from the BES, 9 and NHWs from the BES 9 and the BDES. 8 Lacking population-based data on U.S. Asians, we also considered studies from East Asia and the Indian subcontinent: the Tanjong Pagar survey of adult Chinese in Singapore, 14 and the Bangladeshi NBLVS. 17 Myopia Յ Ϫ1.0 D was less prevalent in LALES Latinos than in NHWs from the fifth to the seventh decade, especially at younger ages. High myopia was also less common among the younger Latinos. This may relate to environmental differences such as duration of education, particularly among younger persons: only 39% of LALES participants aged 40 to 54 years had Ն12 years of schooling, compared with 89% of comparable BDES participants 8 (among those aged Ն75 years, the gap is smaller, with 45% in BDES and 30% in LALES having Ն12 years). Among young Latinos with Ն12 years' schooling, myopia prevalence is close to that in BES NHWs, though still lower than in the youngest BDES participants; residual differences after controlling for secondary education may relate to patterns of tertiary education (not studied in LALES).
By contrast, at older ages, myopia was more prevalent in LALES Latinos than in NHWs. Compared with BES African D) . In (A) males and (C) females, myopia was defined as spherical equivalent refractive error of Յ Ϫ5.0 D according to the phakic eye with the larger absolute value spherical equivalent refractive error for participants in LALES and for other racial/ ethnic groups in the United States, as reported in the refractive error study of the EDPRG. 21 In (B) males and (D) females, myopia was defined as Ͻ Ϫ5.0 D spherical equivalent refractive error in the right eye for phakic eyes for LALES and for adult Chinese participants in the Tanjong Pagar survey 14 and the National Blindness and Low Vision Survey of Bangladesh. 17 Note that the data from Bangladesh for the 70-to 79-year-old age group includes all participants over 70 years of age. Americans and Hispanics from Proyecto VER (EDPRG report 21 ), LALES participants had similar myopia prevalence at younger ages, but again showed higher prevalence at older ages. Since the higher prevalence of myopia in older persons may be related to NO, differences between population groups may be related to differences in the rates of lens opacification and/or rates of cataract surgery. Because studies differ in lens opacity classification methods, even when the rates of cataract surgery are reported, this possibility cannot be directly evaluated. 28, 29 In noting that a higher myopia prevalence with older age is associated with NO, the LALES data qualitatively resemble findings from the Bangladeshi NBLVS 17 : in Bangladesh there was a steep increase in myopia prevalence with age, even more pronounced and beginning earlier than in LALES Latinos, and myopia prevalence at older ages was only halved if participants with NO were excluded from the analysis.
Compared with Chinese adults in Singapore, 14 myopia is less prevalent in LALES Latinos at all ages, although this population, like LALES, showed an increase in myopia prevalence with age, from the sixth decade onward. A high prevalence of myopia in East Asia is hypothesized to reflect an interaction of environmental factors with a genetically determined predisposition toward myopia. 5, 30 Evidence for a genetic influence comes from twin studies [31] [32] [33] [34] and other heritability studies, 35 and supports the notion that broad genetic differences between racial/ethnic groups could partially account for disparities in myopia prevalence between populations. However, from our current observations, we cannot distinguish the relative contributions of environmental and genetic differences to the observed variation in myopia prevalence between the LALES and Singaporean populations. Of the myopia risk indicators in LALES, several are familiar from other studies. Education as a myopia risk factor is described in numerous population-based studies. 8 -14,16,17,36 -38 This correlation may reflect an underlying association between near work (study-related reading/computer work) and myopia, 39 -42 with the driving force being retinal defocus resulting Prevalence is shown of any myopia (Յ Ϫ1.0 D), with the number of myopes/total group and percentage of total group. Subjects with missing data are excluded. * Significant difference in the proportion of participants with myopia between levels of various risk indicators (P Ͻ 0.05, 2 ).
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from prolonged accommodative effort, either as an after-effect (reading-induced defocus for distance from failure to relax accommodation after near work) 43, 44 or from inaccurate accommodation during near work. 45, 46 Alternatively, because even brief periods of myopic defocus protect against development of myopia in animal models, 47, 48 perhaps a relative lack of distance visual activities rather than near work per se underlies the association between education and myopia.
In LALES Latinos, U.S. birth and high acculturation increased the risk of myopia, independent of education level. These correlations may represent environmental factors unrelated to education. Alternatively, however, these variables may be surrogate measures for some aspect of education not captured by our years-of-schooling measure. For instance, we did not evaluate tertiary education. We also did not consider the country where schooling occurred: different national education systems may have different schooling-related risks for myopia development, because of differences in curriculum, educational media used (e.g., visual displays 40 ), time devoted to indoor-versus-outdoor activities, and academic competitiveness. Birth country and acculturation may capture the impact of country of education. The fact that the influence of birth country or acculturation is most pronounced in younger age groups, as is the influence of education, is compatible with the idea that acculturation and country of birth may be associated indirectly with myopia through education.
The association of self-reported ocular disease (which included cataract) with myopia and high myopia in LALES can be attributed to NO-related myopic shift, since it is reduced with exclusion of NO. NO is well-known to be associated with myopia in cross-sectional studies, [11] [12] [13] 17, 19, 37, 38, 49, 50 and longitudinal studies show that, although people on average get more hyperopic with age, the subset with NO at baseline show a myopic shift. 7, 51, 52 However, the impact on cross-sectional, age-related prevalence patterns depends on several factors. Populations vary in the prevalence of nonsurgically treated NO, whose association with both age and myopia makes myopia prevalence increase with age, but also in the magnitude of cohort effects (e.g., related to education) that result in higher prevalence of myopia in younger age groups, 7 causing an opposing trend with age. High cataract burden without large cohort effects can result in marked age-related increases in myopia prevalence in some countries, 11, 13, 17, 19 contrasting with a pattern of decreasing myopia prevalence with age in cross-sectional data from the United States, Western Europe, and Australia. 21 The LALES population falls midway between these extremes. Diabetes was found to be an independent risk indicator for myopia in LALES, although studies in other populations, 11, 16, 19 including the BDES, 8 have not observed this association; indeed, in the BDES, diabetics underwent a hyperopic shift over time, 7 and diabetes was unrelated to refractive change in the Blue Mountains Eye Study. 52 The discrepant findings may reflect differences among diabetic subsets of different populations. For example, the higher frequency of very elevated hemoglobin A1c among BDES diabetic participants compared with LALES (Varma R, unpublished data, 2003) may be associated with hyperglycemia-induced hypermetropic shifts in RE, 53, 54 masking any tendency for diabetes to cause myopia (although if hyperglycemia induces myopic RE shifts in diabetics, as in healthy volunteers, 55 glycemic control cannot account for the differences observed). Alternatively, it may be that diabetic Latino individuals are more susceptible to some myopia-inducing aspect of the diabetic disease process, just as they are more susceptible to diabetic retinopathy than NHWs, having twice the risk of diabetic retinopathy as NHWs even after adjustment for known risk factors (Varma R, et al. IOVS 2005; 46 :ARVO E-Abstract 1164).
The finding that younger age groups were at relatively higher risk of myopia, even in a model that adjusted for education and thereby eliminated potential education-related age cohort effects, implies one of the following: Our model does not entirely capture the effect of education (e.g., there may be confounding by tertiary education), or there are other unidentified cohort effects at work, or the difference in risk reflects true longitudinal age-related change. 56 One source of longitudinal change could be decreasing accommodative tone and/or amplitude with aging. Changes in accommodation have been evoked to explain age-related RE distribution shifts in both cross-sectional and longitudinal studies which, like LALES and most adult studies of RE epidemiology, used noncycloplegic measures of RE. 21, 51 Loss of accommodation could cause not only age-related increases in manifest hypermetropia, but also age-related decreases in apparent myopia related to incomplete relaxation of accommodation during refraction; although such effects are likely to be small in adults over 40 years of age, data from the Tehran Eye Study 18 suggest that unimpeded accommodation may contribute to small amounts of pseudomyopia even in adulthood.
After exclusion of participants with NO, two additional myopia risk indicators emerged from our analysis: female gender, for any myopia, and nonretirement, for high myopia. Findings from other population-based studies on the influence of gender have been mixed, but several have reported higher age-adjusted myopia prevalence in women, 8, 14, 18 and one study found, like LALES, higher prevalence in women only after exclusion of NO. 37 With regard to the protective effect of retirement, work status is probably not directly related to high myopia, but it may be indirectly related through an environmental risk factor, such as type of profession, 14, 16 that was not evaluated in our study; alternatively, the association may have arisen by chance.
Although LALES has the advantage of being a population-based study employing standardized procedures, our prevalence estimates could be affected by participation biases. Nonparticipants were more likely than participants to be U.S.-born, educated, and acculturated, all of which, based on our analysis, would bias us toward underestimation of prevalence. However, given our high participation rate, any such bias is unlikely to be large. The findings from our study are applicable to Latinos of MexicanAmerican descent, and may not generalize to all Latino-Americans. Noncycloplegic refraction may have caused some myopia overestimation in younger age groups (see the Discussion section); however, this effect is probably small in adults aged Ն40 years. Furthermore, noncycloplegic refraction more closely reflects actual distance refractive needs than does cycloplegic refraction (especially for manifest hypermetropia). Finally, noncycloplegic refraction makes our findings comparable to most other adult population-based epidemiologic studies of RE.
In summary, myopia is moderately prevalent among adult Latinos in Los Angeles. Higher rates among older Latinos are associated with nuclear lens opacification in older individuals. Strong demographic indicators of increased risk for both high myopia and any myopia among Latinos are a higher level of education, birth in the United States, and a greater degree of acculturation. Diabetes is also a significant independent risk indicator for myopia in this population.
